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(57) ABSTRACT

A memory control apparatus that controls writing and reading
of data to/from a memory. The memory control apparatus
includes: a sequence control umt that recerves a packet
sequence including a write packet including a write request of
data and a read packet including a read request of the data, and
changes an arrangement of the write packet and the read
packet mcluded 1n the packet sequence so that a first prede-
termined number of write packets are arranged successively
and a second predetermined number of read packets are
arranged successively; and a command output unit that
receives the packet sequence from the sequence control unait,
and outputs a write command according to the write packet
and an a read command according to the read packet to the
memory, 1n accordance with an order of arrangement of the
write packet and the read packet.

7 Claims, 19 Drawing Sheets
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MEMORY CONTROL APPARATUS,
INFORMATION PROCESSING APPARATUS,
AND MEMORY CONTROL METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to and incorporates
by reference the entire contents of Japanese Patent Applica-

tion No. 2011-133339 filed 1n Japan on Jul. 11, 2011.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a memory control appara-
tus, an information processing apparatus, and a memory con-
trol method.

2. Description of the Related Art

When printing process 1s performed with image data in
PDL (Page Description Language) format, the image data in
the PDL format are expanded into image data in a raster
format (hereinafter referred to as “raster image data™), and the
printing process 1s performed based on the raster image data.
The processing for generating the raster image data from the
image data i the PDL format 1s called RIP (Raster Image
Processing) processing. An image forming system for per-
forming hlgh-speed processing for large-volume printing
businesses 1s likely to employ a configuration in which a DFE
(Dlgltal Front End) apparatus for performing the RIP pro-
cessing and an 1image forming apparatus for printing an image
onto paper, which 1s a recording medium, based on raster
image data are separately provided. In this case, the DFE
apparatus and the image forming apparatus are connected via
a communication cable and the like, and the RIP-processed
raster image data are transferred from the DFE apparatus to
the image forming apparatus via information communication
based on, for example, PCI Express (heremnatter referred to as
“PCle”) standard.

In this kind of 1mage forming system, a DDR-SDRAM
(Double Data Rate-Synchronous Dynamic Random Access
Memory) capable of achieving high-speed data transier speed
1s often used as memory for temporarily storing raster image
data transferred from the DFE apparatus to the image forming
apparatus. The DDR-SDRAM (hereinaiter abbreviated as
“DDR’”) can exchange data both at the rising and the falling
edges of a clock signal. Theoretically, the DDR provides a
data transier speed twice as fast as the data transier speed of
an SDRAM operating with the same clock.

Writing and reading of data to/from the DDR 1s achieved
by access to a memory cell specified by two addresses, 1.€., a
row address and a column address. When the same row
address 1s accessed successively at this occasion, writing and
reading of data can be performed at a high speed. On the other
hand, when a row address 1s switched frequently, and in
particular, when data are written and read alternately by
specifying different row addresses, 1t takes time to wait for
completion of command reception every time writing and
reading are switched, and this reduces the performance.

The above 1mage forming system performs, in parallel,
processing for transferring raster image data from the DFE
apparatus to the image forming apparatus and writing the
raster image data to the DDR and processing for printing an
image based on the raster image data read from the DDR.
Therefore, writing and reading of the raster image data
to/from the DDR 1s alternately performed 1n a time division

manner, and switching frequently occurs between writing and
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2

reading of data with different row addresses specified, and the
data transier efficiency 1s considered to decrease.

For example, a memory bandwidth control apparatus as
described 1n Japanese Patent Application Laid-open No.
2005-84907 1s known as a technique for improving the data
transier efficiency between an external device and memory.
In this memory bandwidth control apparatus, an I/O butfer 1s
provided to dynamically allocate a memory bandwidth for
only an external device requesting data transfer among mul-
tiple external devices connected via an input/output port, and
this can reduce useless consumption of the memory band-
widths as compared with a case where memory bandwidths
are fixedly allocated to the multiple external devices, whereby
the data transfer efliciency between the external devices and
the memory 1s enhanced.

However, the technique described 1n Japanese Patent
Application Laid-open No. 2005-849077 1s a technique for
improving the data transier efficiency by allocating amemory
bandwidth for only an external device requesting data transier
among the multiple external devices. Therefore, when the
technique described i1n Japanese Patent Application Laid-
open No. 2005-84907/ 1s applied to the above image forming
system, 1t 1s impossible to perform, in parallel, the processing
for transferring the raster image data from the DFE apparatus
to the 1image forming apparatus and writing the raster image
data to the DDR and the processing for printing an image
based on the raster image data read from the DDR, and this
reduces the performance as the image forming system. When
the transier of the raster image data from the DFE apparatus
to the 1mage forming apparatus and the printing of the image
based on the raster image data read from the DDR are per-
formed 1n parallel, switching frequently occurs between writ-
ing and reading of data having different row addresses speci-
fied for the DDR even if the technique described 1n Japanese
Patent Application Laid-open No. 2005-84907 1s applied, and
therefore, the data transifer efficiency i1s considered to
decrease.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to at least partially
solve the problems 1n the conventional technology.

According to an aspect of the present invention, there 1s
provided a memory control apparatus that controls writing
and reading of data to/from a memory, the memory control
apparatus including: a sequence control unit that recerves a
packet sequence including a write packet including a write
request of data and a read packet including a read request of
the data, and changes an arrangement of the write packet and
the read packet included in the packet sequence so that a first
predetermined number of write packets are arranged succes-
stvely and a second predetermined number of read packets are
arranged successively; and a command output unit that
receives the packet sequence from the sequence control unait,
and outputs a write command according to the write packet
and an a read command according to the read packet to the
memory, 1n accordance with an order of arrangement of the
write packet and the read packet.

According to another aspect of the present invention, there
1s provided an information processing apparatus including: a
memory; a memory control unit that controls writing and
reading of data to/from the memory; and a processing unit
that executes predetermined processing, based on the data
that 1s read out from the memory, wherein the memory control
unit includes: a sequence control unit that receives a packet
sequence including a write packet including a write request of
data and a read packet including a read request of the data, and
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changes an arrangement of the write packet and the read
packet imncluded 1n the packet sequence so that a first prede-
termined number of write packets are arranged successively
and a second predetermined number of read packets are
arranged successively; and a command output unit that
receives the packet sequence from the sequence control unait,
and outputs a write command according to the write packet
and an a read command according to the read packet to the
memory, 1 accordance with an order of arrangement of the
write packet and the read packet.

According to still another aspect of the present invention,
there 1s provided a memory control method performed by a
memory control apparatus that controls writing and reading,
of data to/from a memory, the memory control method
including: receiving a packet sequence including a write
packet including a write request of data and a read packet
including a read request of the data; changing an arrangement
of the write packet and the read packet included in the packet
sequence so that a first predetermined number of write pack-
ets are arranged successively and a second predetermined
number of read packets are arranged successively; recerving,
the packet sequence, of which arrangement of the write
packet and the read packet has been changed; and outputting
a write command according to the write packet an a read
command according to the read packet to the memory, 1n
accordance with an order of arrangement of the write packet
and the read packet.

The above and other objects, features, advantages and tech-
nical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the invention,
when considered 1n connection with the accompanying draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a schematic configuration diagram 1llustrating an
image forming system according to an embodiment;

FI1G. 2 1s a figure explaining a transmission path between a
DFE apparatus and an image forming apparatus;

FIG. 3 1s a schematic diagram illustrating an overview of a
card adapter;

FI1G. 4 1s a figure 1llustrating a specific example of configu-
ration of the DFE apparatus and the image forming apparatus;

FI1G. 51s afigureillustrating a data flow of raster image data
in an 1mage forming apparatus having a configuration as
illustrated 1n FIG. 4;

FI1G. 6 1s a figure explaining a configuration of raster image
data;

FI1G. 7 1s an explanatory diagram 1llustrating transaction in
data transfer of the image forming apparatus;

FIG. 8 1s a timing chart illustrating an example of data
transier synchronized with one-line cycle of the image form-
ing apparatus;

FI1G. 9 1s a conceptual diagram illustrating an example of a
packet sequence which 1s 1nput to a memory controller;

FIG. 10 1s a conceptual diagram illustrating processing
time when the packet sequence as 1illustrated 1n FIG. 9 1s
processed as 1t1s and data are written and read to/from a frame
memory;

FI1G. 11 15 a block diagram 1llustrating an example of func-
tional configuration of the memory controller;

FIGS. 12A and 12B are flowcharts illustrating flow of
processing performed by a sequence control unit provided in
the memory controller;
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4

FIGS. 13A and 13B are figures explaining a concept of
read unit num and write unit num used for calculating one-

line read time and one-page write time;

FIG. 14 1s a graph illustrating relationship between the
one-line read time and a read packet buffer accumulation
number and a write packet butler accumulation number;

FIG. 15 1s a graph illustrating relationship between the
one-page write time and the read packet buffer accumulation
number and the write packet builer accumulation number;

FIG. 16 1s a figure explaining ranges of the read packet
builer accumulation number and the write packet buifer accu-
mulation number where the one-line read time 1s equal to or
less than a line read target time and the one-page write time 1s
equal to or less than a page write target time;

FIG. 17 1s a figure explaining ranges of the read packet
builer accumulation number and the write packet butier accu-
mulation number where the one-line read time 1s equal to or
less than the line read target time and the one-page write time
1s equal to or less than the page write target time;

FIG. 18 1s a block diagram 1llustrating an example of Tunc-
tional configuration of the memory controller;

FIG. 19 1s an explanatory diagram 1llustrating observation
of a packet sequence which 1s input to a sequence control unit
and a packet sequence which 1s output from a sequence con-
trol unit at each of times t1 to t9; and

FIG. 20 1s a flowchart 1llustrating tlow of processing per-
formed by the sequence control unit provided 1n the memory
controller.

L1
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ERRED

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

An embodiment of a memory control apparatus, an infor-
mation processing apparatus, and a memory control method
according to this mvention will be heremnafter explained 1n
detail with reference to attached drawings. In the description
below, for example, an 1mage forming system including a
DFE apparatus and an image forming apparatus connected
via a communication cable will be explained. In embodi-
ments described below, the 1image forming apparatus corre-
sponds to an “information processing apparatus’” described in
the claims, and a memory controller provided in the image
forming apparatus corresponds to a “memory control appa-
ratus” described 1n the claims. It should be noted that the
apparatus (system) to which the present invention can be
applied 1s not limited to the above.

First Embodiment

FIG. 1 1s a schematic configuration diagram 1llustrating an
image forming system 100 according to the present embodi-
ment. The image forming system 100 includes a DFE appa-
ratus 200 and an 1mage forming apparatus 400. The DFE
apparatus 200 and the image forming apparatus 400 are con-
nected via a communication cable 300. The DFE apparatus
200 functions as a so-called print server. The DFE apparatus
200 1s also connected to multiple terminals (client terminals)
600 such as PCs used by users via a network 500.

As 1llustrated 1n FIG. 2, a slot based on PCle standard
(hereinafter referred to as “PCle slot™) 220 1s provided on a
motherboard 210 of the DFE apparatus 200. A card adapter
700 1s attached to the PCle slot 220.

As 1llustrated 1n FI1G. 2, a PCle slot 420 1s provided on a
motherboard 410 of the image forming apparatus 400. A card
adapter 700 1s attached to the PCle slot 420.

The card adapter 700 in the DFE apparatus 200 and the card
adapter 700 1n the 1mage forming apparatus 400 are con-
nected to each other via the communication cable 300.
Accordingly, the DFE apparatus 200 and the image forming
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apparatus 400 are connected so that the DFE apparatus 200
and the 1image forming apparatus 400 can communicate with
cach other by way of the card adapters 700 of them both and
via the communication cable 300, and high-speed 1informa-
tion communication 1s performed between the DFE apparatus
200 and the image forming apparatus 400.

In the 1image forming system 100 according to the present
embodiment, 1image imformation (image mformation about
black, 1mage information about cyan, image information
about magenta, and image information about yellow) 1s trans-
terred from the DFE apparatus 200 to the image forming
apparatus 400 in the format of the raster image data. The
image forming apparatus 400 forms a color image based on
the raster image data transterred from the DFE apparatus 200.

It should be noted that various communication cables such
as a copper cable, an optical active cable, and other cables
capable of transmitting high-speed differential signals based
on the PCle standard can be used as the communication cable
300.

FIG. 3 1s a schematic diagram 1llustrating an overview of
the card adapter 700. The card adapter 700 1s configured the
same 1n the DFE apparatus 200 and in the image forming
apparatus 400. As 1llustrated 1n FI1G. 3, the card adapter 700
includes a cable connector 710, a card edge connector 720,
and a PCle bridge 730.

The cable connector 710 1s a connector to which the com-
munication cable 300 1s attached. The card edge connector
720 1s a connector connected to a terminal of the PCle slot 220
or the PCle slot 420 when the card adapter 700 1s attached to
the PCle slot 220 or the PCle slot 420. Those based on the
PCle standard are used as the cable connector 710 and the
card edge connector 720.

The PCle bridge 730 1s a bridge based on the PCle stan-
dard, for relaying data between the cable connector 710 and
the card edge connector 720. A non-transparent bridge 1s used
as the PCle bridge 730. When the DFE apparatus 200 and the
image forming apparatus 400 are connected using the non-
transparent PCle bridge 730, the DFE apparatus 200 and the
image forming apparatus 400 can separately perform 1nitial-
1zation process without being hindered. In addition, the pro-
cessor of each apparatus can access the resources of each
other while operating separately.

The PCle bridge 730 1s preferably a bridge having a clock
1solation function. The clock 1solation function 1s a function
for dividing a clock domain with the bridge being a border.
With the clock 1solation function, a region between the PCle
bridge 730 1n the DFE apparatus 200 and the PCle bridge 730
in the 1mage forming apparatus 400 (region used to transfer
the raster image data using the communication cable 300) can
be made mto a clock domain independent from the other
regions. In the clock domain between the PCle bridge 730 in
the DFE apparatus 200 and the PCle bridge 730 in the image
forming apparatus 400, non-spread spectrum clock 1s used as
the clock. In the clock domains other than the clock domain
between the PCle bridge 730 1n the DFE apparatus 200 and
the PCle bridge 730 in the image forming apparatus 400,
spread spectrum clock 1s used as the clock. This allows appro-
priate communication between the DFE apparatus 200 and
the image forming apparatus 400 with synchronization main-
tained therebetween while reducing electromagnetic interfer-
ence (EMI).

In other words, 1n order to reduce the EMLI, 1t 1s effective to
use the spread spectrum clock as the clock being the reference
of operations of the DFE apparatus 200 and the image form-
ing apparatus 400. However, when the spread spectrum clock
1s used as the clock for the entire image forming system 100,
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apparatus 200 and the image forming apparatus 400, and 1t 1s
impossible to appropriately communicate using the commu-
nication cable 300. In contrast, when the clock 1solation func-
tion of the PCle bridge 730 1s used to separate the clock
domain between the PCle bridges 730, and non-spread spec-
trum clock 1s used as the clock only 1n this portion, the DFE
apparatus 200 and the image forming apparatus 400 can
appropriately communicate using the communication cable
300 while reducing the EMI caused by the entire image form-
ing system 100.

Subsequently, specific example of configuration of the
DFE apparatus 200 and the image forming apparatus 400 1n
the 1mage forming system 100 according to the present
embodiment will be further explained 1n detail.

FIG. 4 1s a figure 1llustrating specific example of configu-
ration of the DFE apparatus 200 and the image forming appa-
ratus 400 1n the 1mage forming system 100 according to the
present embodiment. In the image forming system 100
according to the present embodiment, the DFE apparatus 200

and the image forming apparatus 400 are connected via the
communication cable 300 based on the PCle standard. In
addition, the DFE apparatus 200 1s connected to the client
terminal 600 such as a PC used by a user via the network 500
such as a LAN.

The DFE apparatus 200 includes a DFE processing unit 10.
The DFE processing unit 10 1s a data processing unit, pro-
vided 1 the DFE apparatus 200, that 1s achieved with a
processor and memory, not shown. The DFE processing unit
10 includes, as principle functional elements, an RIP process-
ing unit 11, an 1mage processing unit 12, and a data transfer
processing unit 13.

The RIP processing unit 11 receives a print job sent via the
network 500 from the client terminal 600, and expands data in
a PDL format included in the print job to a raster image data
for printing.

The 1image processing unit 12 performs image processing,
for image editing, such as rotation, enlargement, reduction of
images, on the raster image data generated by the RIP pro-
cessing unit 11. The raster image data processed by the image
processing unit 12 are stored to the memory, not shown.

The data transfer processing unit 13 retrieves the raster
image data, which has been processed by the 1image process-
ing unit 12, 1n units of pages from the memory. Then, the data
transier processing unit 13 transfers the raster 1mage data,
which have been retrieved from the memory, to the 1image
forming apparatus 400 via the commumnication cable 300 by
means ol memory write transier. The memory write transier
1s processing for transierring data in response to a write
request (1n this embodiment, this write request 1s a request for
writing raster image data to a frame memory 31 of the image
forming apparatus 400, explained later. Hereinafter, this write
request will be referred to as “write request™.).

A card adapter, not shown, (corresponding to the card
adapter 700 explained above) 1s used for connection with the
communication cable 300. A PCle bridge 14 (corresponding
to the PCle bridge 730 explained above), to which the raster
image data transierred to the image forming apparatus 400
via the communication cable 300 1s 1input, 1s implemented on
the card adapter. By way of thus PCle bridge 14, the raster
image data are transierred to the image forming apparatus
400 via the communication cable 300 according to the pro-

tocol of PCle.

The number of lanes of the PCle used for the transter of the
raster image data 1s the number of lanes with which suificient
transier bandwidth can be obtained according to the required
print processing speed and the size of the raster image data
transferred. In this case, for example, the raster 1image 1s
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transterred with 4 lanes (x4). In the 1mage forming system
100 according to the present embodiment, the raster image
data are transierred in uncompressed state from the DFE
apparatus 200 to the image forming apparatus 400.

The image forming apparatus 400 includes a memory con-
troller integrated processor 21, a main memory 22, a PCH 23,
a PCle switch 24, two plotter ASICs 25a, 255, a printer engine
26, a frame memory 31, and a memory controller 30 (corre-
sponding to “memory control apparatus” described in the
claims).

In the image forming apparatus 400, a card adapter, not
shown, (corresponding to the card adapter 700 explained
above) 1s provided for connection with the communication
cable 300. By way of a PCle bridge 27 (corresponding to the
PCle bridge 730 explained above) implemented on this card
adapter, the raster image data transterred from the DFE appa-
ratus 200 via the communication cable 300 according to the
protocol of PCle are input.

In the 1image forming system 100 according to the present
embodiment, the non-transparent bridges are used for both of
the PCle bridge 14 in the DFE apparatus 200 and the PCle
bridge 27 in the image forming apparatus 400 explained
above. In other words, 1n the image forming system 100
according to the present embodiment, the non-transparent
bridges are connected with each other via the communication
cable 300, so that inter-host communication i1s enabled
between the DFE apparatus 200 and the image forming appa-
ratus 400.

In this case, the PCle bridge 27 in the image forming
apparatus 400 1s non-transparent when 1t 1s seen from the DFE
apparatus 200, and the PCle bridge 14 in the DFE apparatus
200 1s non-transparent when it 1s seen from the image forming
apparatus 400. Therefore, when the 1image forming system
100 15 started, the 1image forming system 100 operates nor-
mally no matter whether 1t 1s activated from the DFE appa-
ratus 200 or the image forming apparatus 400, and the order
of activation at the start-up 1s not limited. The system would
not freeze even if the communication cable 300 1s discon-
nected during operation after the system start-up. Further-
more, when the DFE apparatus 200 and the image forming,
apparatus 400 communicate with each other, it isnecessary to
exchange addresses between the DFE apparatus 200 and the
image forming apparatus 400, and an address space (NT
space) common to the non-transparent bridges (PCle bridges
14, 27) can be provided 1n addition to the address space of the
DFE apparatus 200 and the address space of the image form-
ing apparatus 400. Moreover, the NT space can be fixed.
Theretfore, both of the DFE apparatus 200 and the image
forming apparatus 400 may translate addresses from/to the
NT space, and this makes address translation easy.

In addition, 1n the image forming system 100 according to
the present embodiment, the bridges having the clock 1sola-
tion function are used for both of the PCle bridge 14 1n the
DFE apparatus 200 and the PCle bridge 27 in the image
forming apparatus 400, and the clock domain between the
PCle bridge 14 and the PCle bridge 27 1s made into the
independent clock domain. The spread spectrum clock 1s used
as the clock 1n the clock domains other than the one between
the PCle bridge 14 and the PCle bridge 27, and the non-
spread spectrum clock 1s used as the clock in the clock domain
between the PCle bridge 14 and the PCle bridge 27. There-
fore, appropriate communication can be performed between
the DFE apparatus 200 and the image forming apparatus 400
with synchronization maintained therebetween while reduc-
ing electromagnetic mterference (EMI).

The memory controller integrated processor 21 executes,
e.g., transier control processing for controlling the transier of
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the raster 1image data from the DFE apparatus 200. The
memory controller integrated processor 21 uses the main
memory 22 as a work area for executing various kinds of
processing (software) including this transfer control process-
ing. In the image forming system 100 according to the present
embodiment, the raster image data are transferred 1n uncom-
pressed state from the DFE apparatus 200 to the image form-
ing apparatus 400. The image processing for image editing of
the raster image data 1s performed by the DFE apparatus 200.
Therefore, the memory controller integrated processor 21
does not perform the image processing for extension process-
ing and 1image editing of the raster image data.

The memory controller integrated processor 21 1s con-
nected to the DFE processing unit 10 of the DFE apparatus
200 via a PCH 23 and a control signal transmission cable 28
connected thereto. The transter of the raster image data from
the DFE apparatus 200 to the image forming apparatus 400 1s
executed according to a control signal transmitted by way of
the control signal transmission cable 28 from the memory
controller integrated processor 21 to the DFE processing unit
10, so that transfer start timing and the like of the raster image
data 1s controlled 1n units of pages.

The main memory 22 1s connected to the memory control-
ler integrated processor 21 via a first memory bus 29. This
main memory 22 1s used as a work area of the memory
controller integrated processor 21. In the 1image forming sys-
tem 100 according to the present embodiment, the raster
image data transierred from the DFE apparatus 200 are not
stored to the main memory 22, and are stored to the frame
memory 31 connected to the memory controller 30.

The PCle switch 24 1s connected to the PCle bridge 27, the
memory controller 30, the plotter ASIC 254, the plotter ASIC
25b, and the memory controller integrated processor 21. The
PCle switch 24 performs packet routing between the PCle
bridge 27, the memory controller 30, the plotter ASIC 25a,
the plotter ASIC 255, and the memory controller integrated
processor 21.

In the 1image forming system 100 according to the present
embodiment, the number of connection lanes between the
memory controller integrated processor 21 and the PCle
switch 24 1s one-lane connection (x1) which 1s the minimum.
This 1s because, 1n the 1mage forming system 100 according

to the present embodiment, the raster 1image data are not
transierred between the memory controller integrated proces-
sor 21 and the PCle switch 24, and transferred therebetween
are no more than register setting packets, with which the
memory controller integrated processor 21 sets, 1n the plotter
ASICs 25a, 25b, the size of one line and an address of descrip-
tor.

The plotter ASICs 25a, 25b performs memory read transfer
to read the raster image data stored 1n the frame memory 31
from the main memory 22 line by line 1n the main scanning
direction in synchronization with print speed (sheet feeding
speed) of the printer engine 26, and transiers the raster image
data to the printer engine 26. It should be noted that each of
the plotter ASICs 234, 255 15 Conﬁgured to be able to perform
the memory read transfer processing for four colors. The
plotter ASIC 25a supports four colors, 1.e., CMYK, and the
plotter ASIC 255 supports a clear toner arrd two special col-
ors. The memory read transier 1s processing for transferring
data 1n response to a read request (in this embodiment, this
read request 1s a request for reading raster image data from the
frame memory 31 of the image forming apparatus 400,
explained later. Hereinaftter, this read request will be referred
to as “read request”.).
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The printer engine 26 forms an 1mage on paper, 1.€., a
recording medium, based on the raster image data transierred
by the plotter ASICs 25a, 25b 1n a line cycle.

The frame memory 31 stores the raster image data, which
are transierred from the DFE apparatus 200, in units ol pages.
For example, a DDR capable of achieving high data transfer
speed 1s used as the frame memory 31. Alternatively, 1n addi-
tion to the DDR, various kinds of SDRAMSs which write and
read data in synchronization with the clock signal can be used
as the frame memory 31. The frame memory 31 1s connected
to the memory controller 30 via a second memory bus 33.

The memory controller 30 controls writing and reading of
the raster image data to/from the frame memory 31. The
memory controller 30 1s connected to the frame memory 31
via the second memory bus 33, and 1s also connected to the
PCle switch 24. For example, the memory controller 30 may
use an ASIC having a PCle connection port and a DDR
memory bus (second memory bus 33), a general-purpose
high-speed FPGA (Field Programmable Gate Array) having a
high-speed 10 supporting the PCle and the DDR memory
bus, and the like. It should be noted that the specific example
of configuration of the memory controller 30 will be
explained later 1n detail.

The number of connection lanes between the memory con-
troller 30 and the PCle switch 24 1s the number of connection
lanes with which a wider bandwidth can be ensured than the
bandwidth required for the two plotter ASICs 254, 255. In the
image forming system 100 according to the present embodi-
ment, each of the plotter ASICs 25a, 255 1s configured as the
four-lane connection (x4), and therefore, the number of con-
nection lanes between the memory controller 30 and the PCle
switch 24 1s eight-lane connection (x8).

Subsequently, data flow of the raster image data in the
image forming system 100 according to the present embodi-
ment will be explained with reference to FIG. 5. FIG. 51s a
figure 1llustrating the data flow of the raster image data in the
image forming apparatus 400 having the configuration as
illustrated in FIG. 4.

The raster image data generated by the RIP processing unit
11 of the DFE apparatus 200 are processed by the image
processing unit 12. Thereafter, with memory write transfer by
the data transfer processing unit 13, the raster image data are
transierred to the image forming apparatus 400 1n units of
pages by way of the PCle bridge 14 and the communication
cable 300 1n uncompressed state. The raster image data trans-
terred from the DFE apparatus 200 to the image forming
apparatus 400 are input to the memory controller 30 by way of
the PCle bridge 27 and the PCle switch 24, and are written to
the frame memory 31 by the memory controller 30 (path as
indicated by arrow (1) of broken-line in FIG. §).

At this occasion, the PCle switch 24 of the image forming
apparatus 400 relays the transier of the raster 1image data
between the PCle bridge 27 and the memory controller 30.
The memory controller 30 stores the raster image data, which
have been transterred from the DFE apparatus 200 by way of
the communication cable 300, the PCle bridge 27, and the
PCle switch 24, to the frame memory 31 via the second
memory bus 33.

When the raster image data for one page are stored to the
frame memory 31, the plotter ASICs 254, 2556 of the image
forming apparatus 400 transmit the read request to the
memory controller 30. Thereafter, with the memory read
transier, the plotter ASICs 254, 25b read the raster image data
stored 1n the frame memory 31 for the pages from the frame
memory 31 line by line 1n synchromization with the print
speed (sheet feeding speed) of the printer engine 26, and
transiers the raster image data to the printer engine 26 (paths
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indicated by arrow (2) of broken line and arrow (3) of broken
line in FIG. 8). At this occasion, the PCle switch 24 relays the
transier of the raster 1mage data between the memory con-
troller 30 and the plotter ASICs 25a, 25b. The plotter ASICs
25a, 255 obtains the raster image data, which have been read
from the frame memory 31 via the memory controller 30, by
way ol the PCle switch 24, and provides the raster image data
to the printer engine 26.

While each line of raster image data 1s provided from the
frame memory 31 to the printer engine 26 with the memory
read transter by the plotter ASICs 25a, 255, raster image data
for a subsequent page are transferred to the image forming
apparatus 400 and written to the frame memory 31 with the
memory write transfer by the data transfer processing unit 13
of the DFE apparatus 200. In other words, the image forming
system 100 according to the present embodiment processes,
in parallel at a time, the processing for writing the raster
image data to the frame memory 31 1n units of pages and the
processing for reading the raster image data from the frame
memory 31 in units of lines and providing the raster image
data to the printer engine 26, thus executing print processing.

As described above, the image forming system 100 accord-
ing to the present embodiment processes, 1n parallel at a time,
the processing for writing the raster image data to the frame
memory 31 1n units of pages and the processing for reading
the raster image data from the frame memory 31 in units of
lines and providing the raster image data to the printer engine
26. Therefore, a packet sequence in which a write packet
including a write request and a read packet including a read
request exist 1n a mixed manner 1s sent from the PCle switch
24 to the memory controller 30. The memory controller 30
has a function of writing and reading the raster image data
to/from the frame memory 31 at a high speed by changing the
arrangement ol the write packets and the read packets
included in this packet sequence.

FIG. 6 1s a figure 1llustrating the configuration of the raster
image data. As 1llustrated 1n FIG. 6, the raster image data are
constituted by two-dimensional array in the main scanning
direction and the sub-scanning direction. In the image form-
ing system 100 according to the present embodiment
explained above, the RIP processing unmit 11 of the DFE
apparatus 200 generates the raster image data as illustrated 1n
FIG. 6, and the raster image data are transferred to the frame
memory 31 of the image forming apparatus 400.

The data transter from the frame memory 31 to the printer
engine 26 with the plotter ASICs 25a, 256 1s executed by
synchronized transier in which processing of transierring
pixel data in the main scanning direction with a determined
time cycle 1s repeated 1n the sub-scanning direction.

FIG. 7 1s an explanatory diagram illustrating a transaction
in the memory read transfer of the image forming apparatus
400. As 1llustrated 1n FIG. 7, 1n the memory read transier of
the 1image forming apparatus 400, for each line 1n the main
scanning direction, multiple pixel data are treated as a piece of
packet data, and 1t 1s necessary to transier the packet data in
synchronization with the speed 1n which the image 1s scanned
in the sub-scanning direction as a transaction constituted by
multiple packet groups (in the example of FIG. 7, n packet
groups) for each line. An allowable time per transaction 1s
referred to as one-line cycle. As explained blow, the one-line
cycle 1s determined by a print 1image resolution and a sheet
teeding speed of the printer engine 26.

One-line cycle (s)=1/{[sheet feeding speed (mm/s)]x[the
number of pixels per 1 mm]}

When the image forming apparatus 400 includes a scanner
engine, 1t 1s necessary to transier pixel data read by the scan-
ner engine to the frame memory 31 using similar synchro-
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nized transfer. In this case, as explained below, the one-line
cycle 1s determined by a reading resolution and a head mov-
ing speed provided on the scanner engine.

one-line cycle (s)=1/{[head moving speed (mm/s)]x[the
number of pixels per 1 mm]}

FIG. 8 1s a timing chart illustrating an example of data
transier 1n synchronization with one-line cycle of the image
forming apparatus 400. In the explanation below, for the sake
of simplifying the explanation, 1t 1s assumed that the amount
of data for one line can be transferred with four packets.

The memory read transfer from the frame memory 31 to the
printer engine 26 with the plotter ASICs 25a, 25b 1s a syn-
chronized transfer in synchronization with the one-line cycle
as described above. This memory read transfer 1s executed 1n
response to a read request from the plotter ASICs 234, 255 to
the frame memory 31 (packet read request).

When all the packet data for one line of the raster image
data (in the figure, D1 to D4) are transierred from the frame
memory 31 to the printer engine 26 within the one-line cycle,
line synchronization constraints are complied with. In the
example of FIG. 8, the transfer of the packet data D1 to D4 1s
completed within the one-line cycle, and this means that the
line synchronization constraints are complied with. A time
from when the transfer of the packet data D1 to D4 1s com-
pleted to when a subsequent line cycle 1s started 1s a spare
time.

In the example of FIG. 8, aresponse delay time (latency) of
the frame memory 1n response to a read request given by the
plotter ASICs 25a, 255 1s short, and therefore, the data trans-
fer can be performed while complying with the line synchro-
nization constraints. However, when the response delay time
1s long, the transfer of all the packet data (1n the figure, D1 to
D4) for one line of the raster image data cannot be completed
within one-line cycle, and therefore, an error occurs 1n the
printer engine 26, and an abnormal 1mage 1s printed on paper.

The above line synchronization constraints are umque to
the data transfer of the image forming apparatus 400 forming,
an 1mage with the printer engine 26 on a sheet of paper
moving at a high speed, and for example, as illustrated by
arrow (1) of broken line of FIG. 5, when the raster image data
are transierred 1n units of pages from the DFE apparatus 200
to the 1mage forming apparatus 400, the above constraints do
not exist. In other words, when the data transier in units of
pages 1s delayed, the number of sheets printed 1n a time
decreases, but the printer engine 26 temporarily stops
between sheets to be printed, so that the printer engine 26 can
wait for completion of the data transier 1in units of pages, and
this does not cause occurrence of error or printing of abnor-
mal 1mage. In contrast, high-speed movement of sheets can-
not be stopped quickly when the data transfer 1n units of lines
1s delayed, and therefore, the line synchronization constraint
should always be complied with.

In particular, 1n an 1mage forming system requiring high-
speed and high-resolution print processing for large-volume
printing businesses and the like, the one-line cycle 1s
extremely short, e€.g., in the order of several dozen microsec-
onds, and 1t 1s necessary to transier the amount of data for one
line, which 1s as much as several kilo bytes, 1n this short
period. Accordingly, a countermeasure 1s required, so that the
line synchronization constraints can be reliably complied
with even 1n such circumstances.

As described above, the image forming system 100 accord-
ing to the present embodiment 1s a system that processes, 1n
parallel at a time, the processing for writing the raster image
data to the frame memory 31 1n units of pages and the pro-
cessing for reading the raster image data from the frame
memory 31 in units of lines and providing the raster image
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data to the printer engine 26. Therefore, writing and reading
of the raster image data to the frame memory 31 are alter-
nately performed 1n a time-divisional manner, and in order to
reliably comply with the line synchronization constraints, 1t 1s
necessary to appropriately control the access to the frame
memory 31. Further, 1n order to prevent temporary stop of the
printer engine 26 explained above and improve the perfor-
mance as the system, 1t 1s necessary to not only reliably
comply with the line synchronization constraints but also
cificiently transfer the raster image data 1n units ol pages from
the DFE apparatus 200 to the image forming apparatus 400.

Accordingly, 1n the 1image forming system 100 according
to the present embodiment, the memory controller 30 con-
trolling writing and reading of the raster image data to/from
the frame memory 31 has a function of changing the order in
which the write packets and read packets included 1n the input
packet sequence are arranged, so as to allow high speed
writing and reading of the raster image data to/from the frame
memory 31.

In the 1mage forming system 100 according to the present
embodiment, the above DDR 1s used as the frame memory 31
of the image forming apparatus 400. Therefore, when the
same row address 1s accessed successively during writing and
reading of the raster image data to/from the frame memory
31, the data can be written and read at a high speed. On the
other hand, when the row address 1s frequently switched, and
in particular, writing and reading of data are alternately per-
formed by specifying different row addresses, 1t takes time to
wait for completion of command reception every time writing
and reading are switched, and this reduces the performance.

This will be explained 1n more detail. The data reading
from the DDR 1s operation such that the electrical charge 1n a
memory cell specified by a column address 1n a line specified
by a row address 1s output as data. At this occasion, 1t 1s
necessary to charge the electrical charge 1n the memory cell
and output the electrical charge, and the charging of the
clectrical charge 1s performed at a time for all the memory
cells of the same row address. Therefore, when the data are
successively read from the same row address, the electrical
charge 1s charged at first, and 1f the electrical charge 1is
charged at first, 1t 1s not necessary to charge the electrical
charge every time data are read from the memory cell there-
aiter. However, when writing of data to a memory cell of a
different row address 1s interposed between reading of data, 1t
1s necessary to charge the electrical charge again when data
are read again after data are written. The time until the end of
charging of the electrical charge at this data reading process 1s
the time for waiting for completion of command reception.
When the data are written, 1t 1s not necessary to charge the
clectrical charge, and theretfore, such time does not occur.

As described above, the image forming system 100 accord-
ing to the present embodiment performs, at a time, the pro-
cessing for transierring the raster image data from the DFE
apparatus 200 to the 1mage forming apparatus 400 and writ-
ing the raster image data to the frame memory 31 and the
printing of the image based on the raster image data read from
the frame memory 31. Therefore, writing and reading of the
raster image data to/from the frame memory 31 1s alternately
performed 1 a time division manner, and switching fre-
quently occurs between writing and reading of data specity-
ing different row addresses.

In other words, the raster image data are read from the
frame memory 31 for each line, and this i1s data reading
process from the same row address. Therefore, when the
raster image data for one line can be read successively from
the frame memory 31, a time 1s needed to charge the electrical
charge when the first data of the line are read, but data reading
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process subsequent thereto can be performed at a high speed.
However, in the image forming system 100 according to the
present embodiment, while the raster image data for one line
are read from the frame memory 31, it 1s necessary to write the
raster image data, which have been transferred from the DFE
apparatus 200 to the image forming apparatus 400, to the
frame memory 31. At this occasion, the destination to which
the raster 1image data are written 1s the memory cell from
which the raster image data have already been read out.
Therefore, writing process 1s performed on a memory cell of
a row address different from that of the memory cell from
which the raster image data are being read. For example,
when data are written and read alternately packet by packet, 1t
takes time to wait for completion of command reception
every time switching from writing to reading 1s performed,
and this reduces the data transier eificiency.

FI1G. 9 1s a conceptual diagram illustrating an example of a
packet sequence that 1s input to the memory controller 30. In
FIG. 9, among the packets included 1n the packet sequence, a
read packet 1s denoted as a thin-line rectangle, and a write
packet 1s denoted as a thick-line rectangle. The read packet 1s
a packet including a read request. The write packet 1s a packet
including a write request. In the explanation about the present
embodiment, the write packet 1s assumed to include not only
the write request but also the raster image data written to the
frame memory 31 (hereinatfter, the raster image data will be
simply abbreviated as “data’). Theretore, the timed required
to process the write packet 1s longer than the time required to
process the read packet. For example, the read packet requires
a processing time ol 6 cycles per one packet (1 cycle 1s a time
from rising edge of the synchronization signal to a subsequent
rising edge of the synchronization signal), whereas the write
packet requires a processing time of 10 cycles per one packet.
It should be noted that the packet sequence tlows 1in a direction
indicated by an arrow in the figure, and a number attached to
cach packet represents the ordinal level in which the packet is
input to the memory controller 30.

FI1G. 10 1s a conceptual diagram illustrating the processing,
time when writing and reading of data to/from the frame
memory 31 1s performed by processing the packet sequence
as 1llustrated 1n FIG. 9 as 1t 1s. A region with a hatching 1n the
figure represents a time for waiting for completion of com-
mand reception (for example, 10 cycles).

As 1llustrated 1n FIG. 10, when the packet sequence that 1s
input to the frame memory 31 includes the write packet and
the read packet existing 1n a mixed manner, 1t takes time to
wait for completion of command reception from when the
write packet 1s processed to when the read packet 1s pro-
cessed. This 1s because, as described above, the row address
specified by the write request included 1n the write packet and
the row address specified by the read request included 1n the
read packet are different, and 1t takes time to charge the
clectrical charge when data are read from the memory cell 1n
response to the read request. When 1t often takes time to wait
for completion of command reception between the write
packet and the read packet, the data transfer efficiency 1s
reduced, which makes 1t difficult to comply with the above
line synchronization constraints and maintain successive
printing of multiple pages with the printer engine 26.

FI1G. 11 15 a block diagram 1llustrating an example of func-
tional configuration of the memory controller 30 provided in
the 1mage forming apparatus 400 according to the present
embodiment. As illustrated in FI1G. 11, the memory controller
30 1ncludes a sequence control unit 310 and a memory control
unit 320.

The sequence control unit 310 changes the order of the
write packets and the read packets included 1n the packet
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sequence that 1s input to the memory controller 30, so that a
first predetermined number of write packets are arranged
successively, and a second predetermined number of read
packets are arranged successively. The sequence control unit
310 includes a write buffer 311, a read buttfer 312, and a butter
control unit 313.

The write buffer 311 accumulates the first predetermined
number, defined in advance, of write packets included 1n the
packet sequence that 1s input to the memory controller 30, and
successively outputs the first predetermined number of write
packets accumulated. The read buifer 312 accumulates the
second predetermined number, defined 1n advance, of read
packets included 1n the packet sequence that 1s input to the
memory controller 30, and successively outputs the second
predetermined number of read packets accumulated.

The butffer control unit 313 controls the output of the write
packets from the write buffer 311 and the output of the read
packets from the read buiier 312. More specifically, when the
write buifer 311 does not successively output the first prede-
termined number of write packets, the builer control unit 313
causes the second predetermined number of read packets to
be successively output from the read buifer 312, and when the
read butler 312 does not successively output the second pre-
determined number of read packets, the buifer control unit
313 causes the first predetermined number of read packets to
be successively output from the write builer 311.

The number of accumulated write packets 1n the write
butifer 311 (the first predetermined number) and the number
ol accumulated read packets in the read bufier 312 (second
predetermined number) are set to the numbers satistying the
following two conditions at the same time.

Condition 1: the reading time of data for one line in the
horizontal direction of the image from the Irame
memory 31 1s equal to or less than a target time defined
in advance 1n order to comply with the line synchroni-
zation constraints (hereinafter referred to as “line read
target time”).

Condition 2: the writing time of data for one page of the
image to the frame memory 31 1s equal to or less than a
target time defined 1n advance 1n order to allow succes-
stve printing of multiple pages without temporarily stop-
ping the printer engine 26 between pages (hereinafter
referred to as “page write target time™).

It should be noted that specific examples of the first prede-
termined number and the second predetermined number that
satisiy not only the condition 1 but also the condition 2 will be
explained later 1n detail.

In the packet sequence that 1s input to the memory control-
ler 30, packets are sorted by the processing of the sequence
control unit 310. Then, the packet sequence that 1s output
from the sequence control unit 310 1s made 1nto a packet
sequence 1n which the first predetermined number of write
packets are arranged successively and the second predeter-
mined number of read packets are arranged successively. For
the sake of convenience, FIG. 11 1llustrates an example where
packets included 1n the packet sequence are sorted so that two
write packets and two read packets are arranged successively.
The packet sequence of which packets are sorted by the
sequence control unit 310 1s input to the memory control unit
320.

The memory control unit 320 includes a command gener-
ating unit 321 (corresponding to “command output unit”
described in the claims) and a data control unit 322.

The command generating umt 321 receives the packet
sequence 1n which the packets are sorted by the sequence
control unit 310, and respectively generates write commands
according to the write packets and read commands according
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to the read packets 1n accordance with the order of the write
packets and the read packets in the recerved packet sequence,
and outputs the write commands and the read commands to
the frame memory 31. More specifically, the command gen-
erating unit 321 looks up a request included 1 a packet (the
write request or the read request) 1 such an order that the
packet at the head of the received packet sequence 1s looked
up first, and generates commands such as RAS (Row Array
Strobe) and CAS (Column Array Strobe) given to the frame
memory 31 (when the access direction information 1s write, a
write command 1s generated, when the access direction infor-
mation 1s read, aread command 1s generated), based on access
information included 1n the request (address of a memory cell
to be accessed) and access direction information (write/read).
Then, the command generating unit 321 outputs the generated
command to the frame memory 31.

The data control unit 322 controls writing and reading of
data to/from the frame memory 31. More specifically, 1n the
memory write transier, the data control unit 322 retrieves data
to be written from the write packet that 1s input to the memory
control unit 320, and outputs the data to the frame memory 31.

In the memory read transier, the data control unit 322
retrieves data read from the frame memory 31, and outputs the
data to the PCle switch 24.

FIGS. 12A and 12B are flowcharts illustrating flow of
processing performed by the sequence control unit 310 pro-
vided 1n the memory controller 30. The flowcharts of FIGS.
12A and 12B 1illustrate the flow of processing performed by
the sequence control unit 310 up to completion of writing or
reading of data of one page of image.

Step S101: the sequence control unit 310 recerves packets
included 1 a packet sequence 1 such an order that the
sequence control unit 310 first receives the head of the packet
sequence, and proceeds to step S102.

Step S102: the sequence control umt 310 determines
whether the packet received 1n step S101 1s a write packet or
not. Then, the packet received 1n step S101 15 a write packet
(step S102: Yes), step S103 1s subsequently performed. When
the packet recerved 1n step S101 1s a read packet (step S102:
No), step S111 1s subsequently performed.

Step S103: the sequence control unit 310 stores the write
packet received 1n step S101 to the write buffer 311, increases
a first counter, and proceeds to step S104. The first counter 1s
a counter for counting a first predetermined value.

Step S104: the sequence control umt 310 determines
whether the count value of the first counter has attained a first
predetermined value. Then, when the count value of the first
counter 1s determined to have attained the first predetermined
value (step S104: Yes), step S103 1s subsequently performed,
and when the count value of the first counter 1s determined to
be less than the first predetermined value (step S104: No),
step S109 15 subsequently performed.

Step S105: the sequence control unit 310 determines
whether a read packet 1s being output from the read butier 312
or not. Then, when the read packet 1s being output from the
read butler 312 (step S105: Yes), step S106 1s subsequently
performed, and when the read packet 1s not being output from
the read butter 312 (step S105: No), step S107 1s subsequently
performed.

Step S106: the sequence control unit 310 waits until the
read packet has been output from the read butier 312, and step
S107 1s subsequently performed.

Step S107: the sequence control unit 310 causes the write
builer 311 to successively output a first predetermined num-
ber of write packets accumulated 1n the write bufler 311,
resets the first counter, and proceeds to step S108.
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Step S108: the sequence control unit 310 determines
whether writing or reading of data of one page of 1image has
been completed or not. Then, when writing or reading of data
ol one page of image 1s determined to have been completed
(step S108: Yes), the series of processing as 1llustrated in the
flowcharts of FIGS. 12A and 12B i1s terminated. On the other

hand, when writing or reading of data of one page of 1image 1s
determined not to have been completed (step S108: No), the
sequence control unit 310 returns back to step S101 to receive
a subsequent packet, and repeats the processing of step S101
and subsequent steps.

Step S109: the sequence control unit 310 determines
whether a write packet corresponding to data of one page of
image has been received or not. When the write packet cor-
responding to data of one page of image 1s determined to have
been received (step S109: Yes), step S110 1s subsequently
performed, and when the write packet corresponding to data
of one page of 1image 1s determined not to have been recerved
(step S109: No), the sequence control unit 310 returns back to
step S101 to receive a subsequent packet, and repeats the
processing of step S101 and subsequent steps.

Step S110: the sequence control unit 310 causes the write
buifer 311 to successively output write packets accumulated
in the write buller 311 (write packets less than the first pre-
determined number), resets the first counter, and terminates
the series of processing as illustrated in the tlowcharts of
FIGS. 12A and 12B.

Step S111: the sequence control unit 310 stores the read
packet received 1n step S101 to the read builer 312, increases
a second counter, and proceeds to step S112. The second
counter 1s a counter for counting a second predetermined
value.

Step S112: the sequence control unit 310 determines
whether the count value of the second counter has attained the
second predetermined value. Then, when the count value of
the second counter 1s determined to have attained the second
predetermined value (step S112: Yes), step S113 is subse-
quently performed, and when the count value of the second
counter 1s determined to be less than the second predeter-
mined value (step S112: No), step S117 1s subsequently per-
formed.

Step S113: the sequence control unit 310 determines
whether a write packet 1s being output from the write butier
311 or not. Then, when the read packet 1s being output from
the write buifer 311 (step S113: Yes), step S114 is subse-
quently performed, and when the write packet 1s not being
output from the write butler 311 (step S113: No), step S1151s
subsequently performed.

Step S114: the sequence control unit 310 waits until the
write packet has been output from the write buffer 311, and
step S1135 1s subsequently performed.

Step S115: the sequence control unit 310 causes the read
buifer 312 to successively output a second predetermined
number read packets accumulated in the read buifer 312,
resets the second counter, and proceeds to step S116.

Step S116: the sequence control unit 310 determines
whether writing or reading of data of one page of 1image has
been completed or not. Then, when writing or reading of data
of one page of image 1s determined to have been completed
(step S116: Yes), the series of processing as 1llustrated 1n the
flowcharts of FIGS. 12A and 12B are terminated. On the other
hand, when writing or reading of data of one page of image 1s
determined not to have been completed (step S116: No), the
sequence control unit 310 returns back to step S101 to receive
a subsequent packet, and repeats the processing of step S101
and subsequent steps.
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Step S117: the sequence control unit 310 determines
whether a read packet corresponding to data of one page of
image has been recetved or not. When the read packet corre-
sponding to data of one page of image 1s determined to have

18

S1ze of write packet: write_size (Byte)

I'ime for each size of read packet: t_resd (s)

I'ime for each size of write packet: t_write (s)

-

I'1me for waiting for completion of command reception

been received (step S117: Yes), step S118 is subsequently 5 during switching from writing to reading of data: t_wait (s)

performed, and when the read packet corresponding to data of
one page ol 1mage 1s determined not to have been recerved
(step S117: No), the sequence control unit 310 returns back to
step S101 to recerve a subsequent packet, and repeats the
processing of step S101 and subsequent steps.

Step S118: the sequence control unit 310 causes the read
butifer 312 to successively output read packets accumulated in
the read butfer 312 (write packets less than the second pre-
determined number), resets the second counter, and termi-
nates the series ol processing as illustrated 1n the tflowcharts of
FIGS. 12A and 12B.

As described above, 1n the image forming system 100
according to the present embodiment, the memory controller
30 of the image forming apparatus 400 1s provided with the
sequence control unit 310 that changes the order of the pack-
ets included 1n the packet sequence so that the first predeter-
mined number of write packets are arranged successively and
the second predetermined number of read packets are
arranged successively. Then, according to the order of
arrangement changed by the sequence control unit 310, the
write commands according to the write packets and the read
commands according to the read packets are output from the
memory control unit 320 to the frame memory 31. Therefore,
this can reduce the number of times the waiting time for
completion of command reception occurs during switching
from writing to reading of data, and the data transfer effi-
ciency can be improved. Therefore, an abnormal image can be
prevented from being printed while complying with the above
line synchronization constraints, and the data transier in units
of pages from the DFE apparatus 200 to the image forming
apparatus 400 can be done efliciently, and successive printing
of multiple pages can be performed continuously.

Subsequently, specific examples of the number of write
packets accumulated in the write buffer 311 of the sequence
control unit 310 (first predetermined number) and the number

ol read packets accumulated in the read bufier 312 (second
predetermined number) will be explained in detail with ref-
erence to FIGS. 13A to 17.

The first predetermined number and the second predeter-
mined number are set at the numbers at which both of the
above condition 1 and the above condition 2 are satisfied. The
possible ranges of the first predetermined number and the
second predetermined number are determined from relation-
ship between a line read target time read_line_time, a page
write target time write_page time, a time required to read one
line of data (heremafter referred to as “one-line read time”)
t read_linel, and a time required to write one page of data
(hereinafter referred to as “one-page write time™) t_write_p-
agel. The values line read target time read_line_time and
page write target time write_page_time are values that are
determined according to the performance of the printer
engine 26 of the image forming apparatus 400. The values
one-line read time t_read_linel and one-page write time
t write_pagel can be calculated as follows.

First, the words used for calculation of one-line read time
t read_linel and one-page write time t_write_pagel are
defined as follows.

The number of bytes per line: linel_byte (Byte)

The number of bytes per page: pagel_byte (Byte)

S1ze of read packet: read_size (Byte)

10

15

20

25

30

35

40

45

50

55

60

Waiting time occurring builering and the like per read_un-
it_num: t_buf (s)

Read packet butler accumulation number (second prede-
termined number): read_buil_num

Write packet buifer accumulation number (first predeter-
mined number): write_bul_num

Subsequently, an example of method for calculating one-
line read time t_read linel and one-page write time
t write_pagel will be explained with reference to FIGS. 13A
and 13B. FIGS. 13 A and 13B are figures explaining a concept
of read_umt_num and write_unit_num used for calculating
one-line read time t_read_linel and one-page write time
t write_pagel. FIG. 13 A 15 an explanatory diagram 1llustrat-
ing read_unit_num. FI1G. 13B 1s an explanatory diagram 1llus-
trating write_unit_num.

read_unit_num denotes the number of units per line where
the read packet buifer accumulation number read_buil_num 1s
adopted as one unit. In other words, for example, as 1llustrated
in FI1G. 13 A, read_unit_num represents how many units, each
1s a set of three read packets, are included 1n one line where
read_bul_num 1s 3. read_unit_num can be represented as
expression (1) below.

read_unit_num=value obtained by rounding down
(linel_byte/(read_sizexread_buf_num))

(1)

When this read_unit_num 1s used, one-lineread time t_rea-
d_linel can be expressed as expression (2) below.

t_read_linel=read_unit numx{read_ buf numx
t_read+write_buf_numxz write+z wait+f buf)+a

(2)

It should be noted that o denotes a time equivalent to a
remainder byte obtained by subtracting read_unit_num from
the number of bytes per line linel_byte. For example, a can
be expressed as expression (3) below.

a=ROUNDUP ({linel_byte-read unit numx
read_buf num)/read size)xz resd

(3)

ROUNDUP means obtaining an integer portion by round-
ing up the value.

write_unit_num denotes the number of units per page
where read_umt_num sets of write packet buller accumula-
tion numbers write_bul_num 1s adopted as one unit. In other
words, for example, as illustrated in FIG. 13B, write_
unit_num represents how many units, each including
read_unit_num sets of two write packets, are included 1n one
page where write_bul_num 1s 2. write_unit_num can be rep-
resented as expression (4) below.

write_unit_num=value obtained by rounding down
(pagel_byte/(write_sizexwrite_buf numx
read_unit_num))

(4)

When this write_unit_num 1s used, one-page write time
t write_pagel can be represented as expression (5) below.

(3)

It should be noted that f3 1s a time equivalent to a remainder
byte obtained by subtracting the total number of bytes in unit
of write_unit_num from the number of total bytes per page

pagel_byte. For example, [3 can be expressed as expression
(6) below.

P=ROUNDUP ((pagel_byte—write_sizex
write_buf_numxread_unit_numxwrite_
unit_num)/write_size)xt write

t write_pagel=write_unit_numx# read_linel+f3

(6)

ROUNDUP means obtaining an iteger portion by round-
ing up the value.
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FIG. 14 1s a graph illustrating relationship between the
one-line read time time t read linel and the read packet
buffer accumulation number read_buil_num and the write
packet bullfer accumulation number write_bulf_num. A hori-
zontal axis of FIG. 14 denotes the read packet builer accu-
mulation number read buf num, and a vertical axis thereot
denotes the one-line read time t read linel. FIG. 14 1illus-
trates, as a graph, the one-line read time t_read_linel corre-
sponding to the read packet buifer accumulation number
read_bul_num, where, for example, the write packet builer
accumulation number write_buf numis 1, 2, 4, 8, 16, 32.

FIG. 15 1s a graph illustrating relationship between the
one-page write time t_write_pagel and the read packet butfer
accumulation number read_bul_num and the write packet
buffer accumulation number write buf num. A horizontal
axis of FIG. 15 denotes the read packet bulfer accumulation
numberread bul num, and a vertical axis thereof denotes the
one-page write time t_write_pagel. FIG. 15 illustrates, as a
graph, the one-page write time t_write_pagel corresponding
to the read packet buffer accumulation number read
bul_num where, for example, the write packet buller accu-
mulation number write_buf num s 1, 2, 4, 8, 16, 32.

FIGS. 16 and 17 are figures 1llustrating ranges of the read
packet buffer accumulation number read_bul_num (second
predetermined number) and the write packet butier accumu-
lation number write_buil_num (first predetermined number),
where, 1n the graphs of FIGS. 14 and 15, the one-line read
timet_read_linel 1s equal to or less than a line read target time
read_line time (the above condition 1) and the one-page
write time t_write_pagel 1s equal to or less than a page write
target time write_page_time (the above condition 2). In FIG.
16, for example, the line read target time read_line time 1s
0.0005 s. In FIG. 17, for example, the page write target time
write_page_time 1s 3 s.

In each graph 1llustrated 1n FIG. 16, the read packet butier
accumulation number read_buf num when the one-line read
time t_read_linel 1s equal to the line read target time
read line time 1s a minimum value read buf num min of
the read packet buffer accumulation number. In each graph
illustrated 1 FIG. 17, the read packet buffer accumulation

number read_bui_num when the one-page write time
t_write_pagel 1s equal to the page write target time write_p-
age_time 1s amaximum value read_bul_num_max of theread
packet buffer accumulation number. For any given write
packet buil

er accumulation number write_buf num, a read
packet buller accumulation number read_buf_num between
the minimum value read buf num min and the maximum
value read_bul_num_max 1s an allowable range of the read
packet buffer accumulation number read_bul_num (second
predetermined number) that satisfies both of the condition 1
and the condition 2 at the same time.

In FIGS. 16 and 17, frames of broken lines respectively
represent the allowable ranges of the read packet butfer accu-
mulation number read_buf_num when the write packet butier
accumulation number write_bulf num 1s 8, 16, 32. For
example, when the write packet bulfer accumulation number
write_bul_num (first predetermined number) 1s 32, the allow-
able range of the read packet buffer accumulation number
read_bul_num (second predetermined number) that satisfies
both of the condition 1 and the condition 2 at the same time 1s
about 15 to 25.

Hereinafter, a method of obtaining the allowable range of
the read packet butler accumulation number read_bul_num
(second predetermined number) that satisfies both of the con-
dition 1 and the condition 2 at the same will be explained

10

15

20

25

30

35

40

45

50

55

60

65

20

specifically using an example where the write packet butfer
accumulation number write_bul_num (first predetermined
number) 1s 32.

It 1s assumed that the read packet bufler accumulation
number read_bul_num (second predetermined number) 1s
(1n the example of FIGS. 15 and 16, m=1 to 32), the write
packet butler accumulation number write_bul_num (first pre-
determined number) 1s 32, and the one-line read time where
the read packet bufier accumulation number 1s rn 1s read_
line_time32 (rn). Further, 1t 1s assumed that, where the write
packet buil

er accumulation number write_bul_num (first pre-
determined number) 1s 32, and the read packet builer accu-
mulation number 1s rn, the one-page write time 1s write_pag-
¢_time32 (m).

In view of the graph illustrated in FIG. 16, the minimum
value of the read packet buffer accumulation number
read buf num where the one-line read time read
line_time32 (rn) 1s equal to or less than the line read target
time read_line time 1s adopted as the minimum value
read_bul_num_min of the read packet buifer accumulation
number. In the example of FIG. 16, the read packet builer
accumulation number read_bul_num satistying the condition
(condition 1) 1s 15 to 32, and therefore, the minimum value
among them, 1.e., 15, 1s adopted as the mimimum value
read_bul_num_min of the read packet buifer accumulation
number.

Subsequently, in view of the graph illustrated i FIG. 17,
the maximum value of the read packet bulfer accumulation
number read bul_num where the one-page write time
write_page time32 (rn) 1s equal to or less than the page write
target time write_page_time 1s adopted as the maximum
value read_bul_num_max of the read packet buller accumu-
lation number. In the example of FIG. 17, the read packet
buifer accumulation number read_bul_num satisiying the
condition (condition 2)1s 1 to 235, and therefore, the maximum
value among them, 1.e., 25, 1s adopted as the maximum value
read_bul_num_max of the read packet bufler accumulation
number.

When, for any given write packet buffer accumulation
number write_bul_num, the minimum value read_bul_
num_min and the maximum value read_bul_num_max of the
read packet buffer accumulation number thus obtained satisiy
the relationship: read bul_num_min=<read_bui_num_max,
the range from the read_bul _num_min to the read_buil_
num_max 1s the allowable range of the read packet builer
accumulation number read_bui_num (second predetermined
number) that satisiies both of the condition 1 and the condi-
tion 2 at the same time with regard to the relationship with the
any given write packet bufler accumulation number
write_buf num. On the other hand, when read buf
num_min 1s more than read_buf num_max, it 1s considered
that the read packet buller accumulation number
read_bul_num satisfying both of the condition 1 and the
condition 2 at the same time does not exist with regard to
combination with the any given write packet bulfer accumus-
lation number write_bul num. As described above, the write
packet buil

er accumulation number write_bui_num (first pre-
determined number) and the read packet butfer accumulation
number read_bul_num (second predetermined number) can
be determined to satisity both of the condition 1 and the
condition 2 at the same time. The determined write packet
buifer accumulation number write_bul_num (first predeter-
mined number) and the determined read packet buifer accu-
mulation number read_bul_num (second predetermined
number) are stored by the sequence control unit 310 to a
storage unit such as an EEPROM, not shown, in the memory
controller 30, for example.
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Second Embodiment

Subsequently, the second embodiment will be explained.
In an 1mage forming system according to the second embodi-
ment, the image forming apparatus 400 includes a memory
controller 30" 1n place of the memory controller 30 explained
in the first embodiment. It should be noted that the other
clements are the same as those of the first embodiment. In the
explanation below, the same elements as those of the first
embodiment are denoted with the same reference numerals,
and redundant description thereabout 1s omitted. Only the
distinctive features of the second embodiment will be
explained.

FIG. 18 1s a block diagram 1llustrating an example of func-
tional configuration of the memory controller 30' provided in
the 1mage forming apparatus 400 according to the present
embodiment. As illustrated in FI1G. 18, the memory controller
30" mcludes a read write separating unit 330, a sequence
control unit 310', and a memory control unit 320.

The read write separating unit 330 changes the arrange-
ment of the write packets and the read packets included 1n the
packet sequence that 1s input to the memory controller 30' so
that the write packet and the read packets are arranged alter-
nately one by one, and outputs the write packets and the read
packets to the sequence control unit 310'. The read write
separating unit 330 includes a read write determining unit 331
and a butier 332.

The read write determining unit 331 distinguishes the write
packets and the read packet included 1n the packet sequence
that 1s mput to the memory controller 30'. The read write
determining unit 331 stores one of the write packet and the
read packet, defined 1n advance, to the butler 332, and tem-
porarily holds the one of the write packet and the read packet
defined in advance. Then, immediately after the other of the
write packet and the read packet that 1s not temporarily stored
to the butler 332 (this 1s the read packet when the write packet
1s held by the butier 332, and this 1s the write packet when the
read packet 1s held by the butier 332) 1s output from the read
write separating unit 330, the read write determining unit 331
causes the read write separating unit 330 to output the one of
the packet temporarily held 1n the buffer 332, so that the
packet sequence that 1s output from the read write separating,
unit 330 1s made 1nto a packet sequence 1n which the write
packets and the read packets are arranged alternately one by
one.

The sequence control unit 310" includes a write buifer 311
and a buffer control unit 313". The sequence control unit 310
according to the present embodiment 1s not provided with the
read builer 312 explained 1n the first embodiment.

The write buffer 311' accumulates, a predetermined num-
ber of write packets included in the packet sequence that 1s
input from the read write separating unit 330 to the sequence
control unit 310', and successively outputs the predetermined
number of write packets accumulated. In this case, the pre-
determined number 1s a number satisiying both of the condi-
tion 1 and the condition 2 at the same time (except 1) when the
first predetermined number and the second predetermined
number explained in the first embodiment are the same.

When the write builer 311' does not successively output the
predetermined number of write packets, the buffer control
unit 313" causes the read packets included i1n the packet
sequence that 1s input from the read write separating unit 330
to the sequence control unit 310",

The arrangement of the packets in the packet sequence that
1s input to the memory controller 30" 1s sorted by the process-
ing performed by the sequence control umt 310'. Then, the
packet sequence that 1s output from the sequence control unit
310'1s such that a predetermined number of write packets are
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arranged successively and a predetermined number of read
packets are arranged successively. For the sake of conve-
nience, FI1G. 18 illustrates an example where packets included
in a packet sequence are sorted so that two write packets and
two read packets are arranged successively. The packet
sequence 1n which the packets are sorted by the sequence
control unit 310" 1s 1nput to the memory control unit 320.

The memory control unit 320 provided in the memory
controller 30' according to the present embodiment 1s the
same as the memory control unit 320 provided in the memory
controller 30 according to the first embodiment, and detailed
description about the memory control unit 320 1s omitted.

FIG. 19 15 an explanatory diagram 1illustrating observation
ol a packet sequence which is mnput to the sequence control
umt 310" and a packet sequence which 1s output from the
sequence control unit 310" at each of times t1 to 9. FIG. 19
illustrates an example where the number of write packets
accumulated 1n the write builer 311' (predetermined number)
1s 2, and the sequence control unit 310" successively outputs
the packet sequence 1n which two write packets and two read
packets.

At the time t1, the read packet arranged at the head of the
packet sequence 1n which read packets and write packets are
alternately arranged one by one 1s input to the sequence
control unit 310'.

At the time t2, the write packet arranged at the second
position from the head of the packet sequence 1n which read
packets and write packets are alternately arranged one by one
1s input to the sequence control unit 310'. At this occasion, the
sequence control unit 310' outputs the read packet, which 1s
arranged at the head of the packet sequence and was input to
the sequence control unit 310" at the time t1.

At the time t3, the read packet arranged at the third position
from the head of the packet sequence 1n which read packets
and write packets are alternately arranged one by one 1s input
to the sequence control umt 310'. At this occasion, the write
packet, which 1s arranged at the second position from the head
ol the packet sequence and was input to the sequence control
unit 310" at the time t2, 1s stored to the write buffer 311", and
1s not output from the sequence control unit 310"

At the time time t4, the write packet arranged at the fourth
position from the head of the packet sequence 1n which read
packets and write packets are alternately arranged one by one
1s input to the sequence control unit 310'. At this occasion, the
sequence control unit 310' outputs the read packet, which 1s
arranged at the third position from the head of the packet
sequence and was mput to the sequence control unit 310" at
the time t3.

At the time t5, the read packet arranged at the fifth position
from the head of the packet sequence 1n which read packets
and write packets are alternately arranged one by one 1s input
to the sequence control umt 310'. At this occasion, the write
packet, which 1s arranged at the fourth position from the head
of the packet sequence and was input to the sequence control
unit 310" at the time t4, 1s stored to the write buffer 311", and
1s not output from the sequence control unit 310"

At the time t6, the sequence control unit 310" outputs the
write packet, which 1s arranged at the second position from
the head of the packet sequence and was mput at the time 2
and 1s stored 1n the write buffer 311'. At this occasion, the fitfth
read packet, which was mput at the time t5, 1s 1n output-
waiting state, because the write packet 1s being output.

At the time t7, the sequence control unit 310' outputs the
write packet, which 1s arranged at the fourth position from the
head of the packet sequence and was mput at the time t4 and
1s stored 1n the write buffer 311'. At this occasion, the fifth
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read packet, which was input at the time tS, 1s 1 output-
waiting state, because the write packet 1s being output.

At the time t8, 1t takes time to wait for completion of
command reception, and the fifth read packet, which was
input at the time t5, 1s 1n the output waiting state.

Atthe time 19, the read packet arranged at the sixth position
from the head of the packet sequence 1n which read packets
and write packets are alternately arranged one by one 1s input
to the sequence control unit 310'. At this occasion, the
sequence control unit 310" outputs the fifth read packet, which
was 1put at the time t5 1s 1n output-waiting state.

Subsequently, the same operation 1s repeated, so that the
sequence control unit 310" outputs the packet sequence 1n
which two read packets and two write packets are succes-
stvely arranged.

FIG. 20 1s a flowchart illustrating tlow of processing per-
formed by the sequence control unit 310' provided 1n the
memory controller 30" according to the present embodiment.
The flowchart of FIG. 20 illustrates the tlow of processing
performed by the sequence control unit 310" up to completion
of writing or reading of data for one page of 1image.

Step S201: the sequence control unit 310" receives the
packets included 1n the packet sequence 1n order from the
head of the packet sequence, and proceeds to step S202.

Step S202: the sequence control unmit 310" determines
whether the packet recetved 1n step S201 1s a write packet or
not. Then, when the packet received 1n step S201 1s deter-
mined to be a write packet (step S202: Yes), the sequence
control unit 310" proceeds to step S203. When the packet
received 1n step S201 1s determined to be a read packet (step
S202: No), the sequence control unit 310" proceeds to step
S209.

Step S203: the sequence control unit 310" stores the write
packetrecerved in step S201 to the write buffer 311", increases
the counter, and proceeds to step S204. The counter 1s a
counter for counting a predetermined value.

Step S204: the sequence control unmit 310" determines
whether the count value of the counter has attained the pre-
determined value. Then, when the count value of the counter
1s determined to have attained the predetermined value (step
S204: Yes), the sequence control unit 310" proceeds to step
S205, and when the count value of the counter 1s determined
to be less than the predetermined value (step S204: No), the
sequence control unit 310" proceeds to step S207.

Step S205: the sequence control umit 310' causes the write
butfer 311' to successively output the predetermined number
of write packet accumulated 1n the write butfer 311°, resets the
counter, and proceeds to step S206.

Step S206: the sequence control unmit 310" determines
whether writing or reading of data of one page of 1image has
been completed or not. Then, when writing or reading of data
of one page of image 1s determined to have been completed
(step S206: Yes), the series of processing as 1llustrated 1n the
Howchart of FIG. 20 1s terminated. On the other hand, when
writing or reading of data of one page of image 1s determined
not to have been completed (step S206: No), the sequence
control unit 310' returns back to step S201 to receive a sub-
sequent packet, and repeats the processing of step S201 and
subsequent steps.

Step S207: the sequence control unmit 310" determines
whether a write packet corresponding to data of one page of
image has been received or not. When the write packet cor-
responding to data of one page of image 1s determined to have
been received (step S207: Yes), step S208 1s subsequently
performed, and when the write packet corresponding to data
of one page of image 1s determined not to have been recerved
(step S207: No), the sequence control unit 310' returns back to
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step S201 to receive a subsequent packet, and repeats the
processing of step S201 and subsequent steps.

Step S208: the sequence control unit 310' causes the write
buifer 311" to successively output write packets accumulated
in the write bufler 311" (write packets less than the predeter-
mined number), resets the counter, and terminates the series
of processing as 1llustrated 1n the flowchart of FIG. 20.

Step S209: the sequence control unmit 310" determines
whether a write packet 1s being output from the write butier
311' or not. Then, when the write packet 1s being output from
theread write 311' (step S209: Yes), step S210 15 subsequently
performed, and when the write packet 1s not being output
from the write buffer 311' (step S209: No), step S211 1is
subsequently performed.

Step S210: sequence control unit 310" waits until the write
packet has been output from the write buffer 311', and pro-
ceeds to step S211.

Step S211: the sequence control unit 310" outputs the read
packet recerved 1n step S201, and proceeds to step S212.

Step S212: the sequence control umit 310" determines
whether writing or reading of data of one page of 1image has
been completed or not. Then, when writing or reading of data
of one page of 1mage 1s determined to have been completed
(step S212: Yes), the series of processing as 1llustrated 1n the
flowchart of FIG. 20 1s terminated. On the other hand, when
writing or reading of data of one page of 1image 1s determined
not to have been completed (step S212: No), the sequence
control unit 310' returns back to step S201 to receive a sub-
sequent packet, and repeats the processing of step S201 and
subsequent steps.

As described above, in the image forming system 100
according to the present embodiment, the memory controller
30 of the image forming apparatus 400" 1s provided with the
read write separating unit 330 that changes the order of the
packets 1n the packet sequence so that the write packets and
the read packets are arranged alternately one by one and the
sequence control unit 310' that recerves the packet sequence
from the read write separating unit 330 and changes the order
of the packets in the packet sequence so that the predeter-
mined number of write packets and read packets are arranged
successively. Then, according to the order of arrangement
changed by the sequence control unit 310', the write com-
mands according to the write packets and the read commands
according to the read packets are output from the memory
control unit 320 to the frame memory 31. Therelore, like the
first embodiment, this can reduce the number of times the
waiting time for completion of command reception occurs
during switching from writing to reading of data, and the data
transier etficiency can be improved. Therefore, an abnormal
image can be prevented from being printed while complying
with the above line synchronization constraints, and the data
transier 1n units of pages from the DFE apparatus 200 to the
image forming apparatus 400 can be done efficiently, and
successive printing of multiple pages can be performed con-
tinuously.

In the present embodiment, the following configuration has
been explained as the configuration of the sequence control
umt 310' of the memory controller 30": the sequence control
unit 310" includes the write buiier 311' that accumulates the
predetermined number ol write packets included 1n the packet
sequence provided from the read write separating unit 330
and successively outputs the predetermined number of write
packets and the buffer control unit 313' that outputs the read
packets included 1n the packet sequence provided from the
read write separating unit 330 when the write butler 311' does
not successively output the predetermined number of write
packets. However, the sequence control unit 310" may be
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configured to include a read builer that accumulates a prede-
termined number of read packets included i a packet
sequence provided from the read write separating unit 330
and successively outputs the predetermined number of read
packets and a butiler control unit that outputs write packets
included 1n the packet sequence provided from the read write
separating unit 330 when the read builer does not succes-
stvely output the predetermined number of read packets. Even
in this case, the sequence control unit 310" outputs a packet
sequence 1n which a predetermined number of write packets
and read packets are arranged successively, and therefore, the
same ellects as those explained above can be obtained in the
same manner.

In the present embodiment, the read write separating unit
330 of the memory controller 30' changes the order of
arrangement ol packets in the packet sequence so that the read
packets and write packets are alternately arranged one by one.
Alternatively, the read write separating unit 330 may change
the order of arrangement of packets 1n the packet sequence so
that one write packet and the second predetermined number
of read packets explained in the first embodiment are
arranged alternately. In this case, when the write buifer 311°
ol the sequence control unit 310" 1s configured to accumulate
the first predetermined number of write packets explained in
the first embodiment and successively output the first prede-
termined number of write packets, the number of write pack-
ets arranged successively (first predetermined number) and
the number of read packets arranged successively (second
predetermined number) can be set at different numbers like
the first embodiment, and this improves the versatility.

In contrast to the above example, the read write separating,
unit 330 may change the order of arrangement of packets in
the packet sequence so that one read packet and the first
predetermined number of write packets are arranged alter-
nately. In this case, when a read butfer i1s provided instead of
the write butler 311" of the sequence control unit 310', and the
read builer 1s configured to accumulate the second predeter-
mined number of read packets and successively output the
second predetermined number of read packets, the number of
write packets arranged successively (first predetermined
number) and the number of read packets arranged succes-
stvely (second predetermined number) can be set at different
numbers like the first embodiment, and this improves the
versatility.

The specific embodiments of the present invention have
been heremabove explained 1n detail. However, the present
invention 1s not limited to the above embodiments as they are.
The constituent elements may be changed and embodied
without deviating from the gist of the present invention when
the present invention 1s carried out. For example, 1n the expla-
nation about each of the above embodiments, the raster image
data are transferred according to the protocol of the PCle

standard, but the method of the data transfer 1s not limited
thereto.

According to the present embodiments, there 1s an advan-
tage 1n that highly efficient data transfer can be achieved by
performing writing and reading of data to/from memory at a
high speed even when writing and reading of data to/from the
memory are performed alternately 1n a time division manner.

Although the mnvention has been described with respect to
specific embodiments for a complete and clear disclosure, the
appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled 1n the art that
tairly fall within the basic teaching herein set forth.
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What 1s claimed 1s:

1. A memory control apparatus that controls writing and
reading of data to/from a memory, the memory control appa-
ratus comprising;

a sequence control unit that receives a packet sequence
including a write packet including a write request of data
and a read packet including a read request of the data,
and changes an arrangement of the write packet and the
read packet included in the packet sequence so that a first
predetermined number of write packets are arranged
successively and a second predetermined number of
read packets are arranged successively; and

a command output unit that recerves the packet sequence
from the sequence control unit, and outputs a write com-
mand according to the write packet and a read command
according to the read packet to the memory, 1n accor-
dance with an order of arrangement of the write packet
and the read packet,

wherein the memory 1s an 1mage memory storing 1image
data,

the first predetermined number and the second predeter-
mined number are numbers that satisfies both of a first
condition and a second condition at a same time,

the first condition 1s such that a time it takes to read image
data for one line 1n a horizontal direction of an 1mage
from the memory 1s equal to or less than a first target
time, and

the second condition 1s such that a time 1t takes to write
image data for one page of an 1image to the memory 1s
equal to or less than a second target time.

2. The memory control apparatus according to claim 1,

wherein the sequence control unit includes:

a {irst butler that accumulates the first predetermined num-
ber of write packets, and successively outputs the first
predetermined number of write packets accumulated;

a second butfer that accumulates the second predetermined
number of read packets, and successively outputs the
second predetermined number of read packets accumu-
lated; and

a buffer control unit that causes the second butfer to suc-
cessively output the second predetermined number of
read packets when the first buffer does not successively
output the first predetermined number of write packets,
and causes the first buifer to successively output the first
predetermined number of write packets when the second
butfer does not successively output the second predeter-
mined number of read packets.

3. The memory control apparatus according to claim 1,
wherein each of the first predetermined number and the sec-
ond predetermined number are a same predetermined number
except one;

the memory control apparatus further comprises a read
write separating unit that changes an arrangement of the
write packet and the read packet included 1n the packet
sequence so that the write packet and the read packet are
arranged alternately one by one, and outputs the packet
sequence to the sequence control unit, and

the sequence control unit includes:

a bufler that accumulates the predetermined number of
write packet, and successively outputs the predeter-
mined number of write packet; and

a butler control unit that causes the butfer to output without
accumulating the read packet included in the packet
sequence recerved Irom the read write separating unit
when the buffer does not successively output the prede-
termined number of write packets.
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4. The memory control apparatus according to claim 1,
wherein each of the first predetermined number and the sec-
ond predetermined number are a same predetermined number
except one;

the memory control apparatus further comprises a read
write separating unit that changes an arrangement of the
write packet and the read packet included 1n the packet
sequence so that the write packet and the read packet are
arranged alternately one by one, and outputs the packet
sequence to the sequence control unit, and

the sequence control unit includes:

a buffer that accumulates the predetermined number of
read packet, and successively outputs the predetermined
number of read packet; and

a butter control unit that causes the butlfer to output without
accumulating the write packet included 1n the packet
sequence recerved from the read write separating unit
when the buffer does not successively output the prede-
termined number of read packets.

5. The memory control apparatus according to claim 1,

wherein the memory 1s SDRAM.

6. An information processing apparatus, comprising:

a memory;

a memory control unit that controls writing and reading of
data to/from the memory; and

a processing unit that executes predetermined processing,
based on the data that 1s read out from the memory,

wherein the memory control unit includes:

a sequence control unit that receitves a packet sequence
including a write packet including a write request of data
and a read packet including a read request of the data,
and changes an arrangement of the write packet and the
read packet included in the packet sequence so that a first
predetermined number of write packets are arranged
successively and a second predetermined number of
read packets are arranged successively; and

a command output unit that receives the packet sequence
from the sequence control unit, and outputs a write com-
mand according to the write packet and a read command
according to the read packet to the memory, in accor-
dance with an order of arrangement of the write packet
and the read packet,

wherein the memory 1s an 1mage memory storing image
data,
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the processing unit 1s a plotter that forms an 1mage on a

recording medium, based on the 1mage data,

the first predetermined number and the second predeter-

mined number are numbers that satisfies both of a first
condition and a second condition at a same time,

the first condition 1s such that a time it takes to read 1mage

data for one line 1 a horizontal direction of an 1mage
from the memory 1s equal to or less than a first target time
obtained from a performance of the plotter, and

the second condition 1s such that a time 1t takes to write

image data for one page of an 1image to the memory 1s
equal to or less than a second target time obtained from
the performance of the plotter.

7. A memory control method performed by a memory
control apparatus that controls writing and reading of data
to/from a memory, the memory control method comprising:

recerving a packet sequence including a write packet

including a write request of data and a read packet
including a read request of the data;
changing an arrangement of the write packet and the read
packet mncluded 1n the packet sequence so that a first
predetermined number of write packets are arranged
successively and a second predetermined number of
read packets are arranged successively;
recerving the packet sequence, of which arrangement of the
write packet and the read packet has been changed; and

outputting a write command according to the write packet
a read command according to the read packet to the
memory, in accordance with an order of arrangement of
the write packet and the read packet,

wherein the memory 1s an 1mage memory storing 1image

data,

the first predetermined number and the second predeter-

mined number are numbers that satisfies both of a first
condition and a second condition at a same time,

the first condition 1s such that a time it takes to read 1mage

data for one line 1n a horizontal direction of an 1mage
from the memory 1s equal to or less than a first target
time, and

the second condition 1s such that a time 1t takes to write

image data for one page of an 1image to the memory 1s
equal to or less than a second target time.
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